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Abstract. The cuticle of four species of the genus Dicroidium is described. The material has been found in

close association with Rhexoxylon stems in the locality of Ischigualasto, San Juan Province, Argentina. Two
new combinations are proposed: Dicroidium zuberi (Szajnocha) and Dicroidium elongation (Carruthers). It is

proposed that Dicroidium leaves are related to Rhexoxylon stems (a) because they are associated in four Triassic

localities of South Africa and Argentina, and ( b ) because there is a structural relation of both organs with the

Palaeozoic pteridosperms.

This paper reports the very striking association of Rhexoxylon petrifactions with

Dicroidium compressions and impressions in two localities in Argentina, and (though

with less clear information) in South Africa.

The Ischigualasto Formation (of NW. Argentina) has yielded abundant petrifactions

of Rhexoxylon stems (Archangelsky and Brett 1961, Brett 1968). The stems can be about

10 m. high and about 1 m. in diameter near the base. Most of the petrifactions observed

in the field belong to this genus. In the same beds, pockets of loose sandstone with

many leaves were also found. Some of these pockets include stems covered by compact

masses of cuticles, and the stems are sometimes further surrounded by a thick layer of

gypsum in which similar cuticles are embedded. The leaves are fragments consisting

of cuticles with only a little internal substance. Four lots of material collected at different

times, have been studied. The Archangelsky and Brett collection (1961) and the Romer
collection (1964-5) belong to the La Plata MuseumPalaeobotanical Collection (LP-PB),

while the Archangelsky (1958) and Flerbst (1960) material, belongs to the Lillo Institute

Collection of Tucuman University (LIL-PB). In the same formation, and in the same

area, a very rich vertebrate fauna has been found. Someof the skeletons are also covered

by compact masses of cutinized leaves (Romer 1962).

Four species of leaves were found in Ischigualasto, associated with Rhexoxylon ,

and I refer them, on the ground of size and shape of pinnae, and cuticular structure, to

the following species of Dicroidium :

Dicroidium zuberi (Szajnocha) comb. nov.

Dicroidium elongation (Carruthers) comb. nov.

Dicroidium coriaceum (Johnson) Townrow
Dicroidium sp.

Only the first three species may be considered as abundant; the fourth is rare and

difficult to determine precisely.

The second Argentine locality which has yielded Rhexoxylon petrifactions and

[Palaeontology, Vol. 11, Part 4, 1968, pp. 500-12, pis. 97-8].
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Dicroidium impressions is Barreal, San Juan Province. This association is here reported

for the first time; the petrifactions are now being studied by Dr. Bonetti (Buenos Aires

Natural History Museum) who has already published the study of the leaf impressions

(1963).

From the literature (Du Toit 1954, Walton 1956) it seems that the Rhexoxylon -

Dicroidium association is also present in the Triassic of South Africa.

On independent grounds, both Rhexoxylon and Dicroidium (together with their known
male and female fructifications, Pteruchus and Umkomasia respectively) may be derived

from Palaeozoic pteridosperms.

DESCRIPTION OF THE MATERIAL

Genus dicroidium Gothan 1912 emend. Townrow 1957

1943 Dicroidiopsis Frenguelli

1943 Diplasiophyllum Frenguelli

1943 Zuberia Frenguelli

1 943 Xylopteris Frenguelli

1957 Hoegia Townrow

Discussion. Townrow (1957) emended the original diagnosis of Dicroidium (Gothan

1912), making a clear definition of its morphological and anatomical characters.

I accept here this definition with the exception of two characters: {a) the cuticle may be

thicker than 3 p and ( b ) the stomata may be imperfectly dicyclic as well as dicyclic. In

the emended diagnosis of Dicroidium , there is no statement of the shape of the pinnules.

As Xylopteris is here included in Dicroidium
,

pinnules of the genus may be rhomboidal,

elongated or linear, with one or several veins in them.

The thickness of a cuticle is of no generic value; it may even vary in one species.

Also, the stomata may be variable (from mono- to di-cyclic) in one species of a genus;

when the cycles of subsidiary cells are constant, the character may be regarded as

specific rather than generic. Accepting these two emendations, the genus Hoegia

(Townrow 1957) is a synonym of Dicroidium. (The forking of the main rachis of the

frond was not observed by Townrow in his Hoegia specimens, probably because he

dealt with small fragments of pinnae. Large fronds of Dicroidium are commonly found
broken and it is not easy to find the main rachis with its fork.)

Frenguelli (1943, 1944) defined the genus Zuberia on external morphology of pinnae;

there are no obvious reasons, however, to differentiate this genus from Dicroidium , as

the shape of pinnules and venation are identical. Townrow (1957) believes that Zuberia

feistmanteli sensu Frenguelli is in fact Dicroidium. Bonetti (1966) goes further and places

all four species of Frenguelli’s Zuberia in Dicroidium feistmanteli , but I unite them as

a separate species, Dicroidium zuberi.

The genera Dicroidiopsis (Frenguelli 1943) and Diplasiophyllum (Frenguelli 1943)

are also placed in Dicroidium by Townrow and by Bonetti; I agree with these authors.

Xylopteris (Frenguelli 1943) is here considered as belonging also to Dicroidium.

Although not expressed in synonymy both Townrow (1962n) and Bonetti (1966) have
already recorded this opinion. The cuticular structure of X. elongate

i

for instance, in

particular the stomatal apparatus, is similar to the cuticular structure of Dicroidium
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coriaceum (formerly known as Johnstonia coriacea). The forking of the main rachis in

Xylopteris agrees with all known species of Dicroidium. The shape of the pinnules, which
are linear, is here considered as a character of specific rank.

Dicroidium zuberi (Szajnocha) comb. nov.

Plate 98, figs. 1,2; text -figs. 1 a, Id, e

1888 Cardiopteris zuberi Szajnocha, p. 233, pi. 2, fig. 1.

1943 Zuberia zuberi (Szajnocha) Frenguelli, p. 300.

1944 Zuberia zuberi (Szajnocha) Frenguelli; Frenguelli, p. 9, pi. iv-xi, pi. xii, figs. 1, 2.

1944 Zuberia feistmanteli (Johnston) Frenguelli; Frenguelli, p. 3, pi. i-iii.

1944 Zuberia barrealensis Frenguelli, p. 20, pi. ix, figs. 1, 3 ;
pi. xiii.

1944 Zuberia sahnii Frenguelli, p. 23, pi. xii, fig. 3.

1957 Hoegia papillata Townrow, p. 49, pi. ii c, iii b, text-figs. 8 b-d, g, k; 10 c-j; 1 1 a-c.

71957 Hoegia autevsiana Townrow, p. 50, pi. iii c, text-figs. 8 e; 9 l; 10 k; 1 1 d.

Description. This is the most frequent species in several beds of the Ischigualasto

Formation. It is also present in association with all Rhexoxylon stems. The better

fragments show the forking of the main rachis (Frenguelli 1944, pi. iv, pi. vii, 1), but

since the whole leaf is large, small specimens appear bipinnate or simply pinnate. The
size, and especially the shape of the pinnules are the most important characters of the

species; usually the pinnules are rhomboidal or somewhat square, with slightly con-

tracted bases and the distal margin may be entire or irregularly lobed. The pinnules of

one row may overlap or be separated. Elongated pinnules do occur, but they are not

common, their shape being slightly falcate. Venation is also characteristic; one or more
groups of veins arise at the base of the pinnule from the rachis, each vein forking usually

once or twice and curving slightly towards the lateral margins. Commonly the veins

tend to concentrate all in one basiscopic point. Our specimens are in complete agree-

ment in size, shape, and venation with the material described by Frenguelli as Zuberia

zuberi and also with Townrow’s Hoegia papillata. By transparency a distinct border

is seen along the margins of the pinnules, devoid of venation and inner coaly substance.

One cuticle is slightly thicker than the other ; both are very thick (about 8 p). Epidermal

cells on both cuticles are typically isodiametric and polygonal, with straight walls,

about 50-60 /x. Cuticular projections from anticlinal walls present; they are most

irregular in their thickness. Short, round papillae are commonly found on the cell

surface (more frequent on the thicker cuticle). The stomata are indistinctly orientated,

present on both cuticles and evenly distributed, rarely with subsidiary cells in contact.

There are about 70-110 stomata per square millimetre. The stomatal apparatus is

typically monocyclic, circular to oval. The guard cells are sunken in a pit formed by
4-6 subsidiary cells which coalesce around the mouth of the pit, forming usually a

strong rim of cutine. Subsidiary cells normally not papillate (but sometimes they are).

The papillae are sometimes almost absent on a whole cuticle; or they may vary

greatly in concentration over the same cuticle. It seems that this is a variable character.

The papillae are usually small and solid.

Material studied. San Juan Province, Ischigualasto Basin. Bed 1: LP 7449, 7450, 7453; LIL 2768,

2769. Bed 2: LP 7451, 7454; LIL 2770. Bed 3: LP 7439, 7440-3; LIL 2767, 2772. Bed 4: LP 7430-4,
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text-fig. 1 . Compressions of Dicroidium leaves, xf. a, D. zuberi (Frenguelli) Archangelsky; slide

LP425, fragmentary pinnae, b, D. elongation (Carruthers) comb. nov. (the four central linear pinnae),

and D. coriaceum (Johnston) Townrow; slide LP 427 shows extreme types and transitional forms
between the two species, c, Dicroidium sp.; slide LP 428, fragmentary pinnae.
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7436-8, 7441, 7448; LIL 2765, 2776. Bed 7: LP 7452. Slides LP 417, 424, 425; LIL 504-8. Age:
Middle to Upper Triassic, Ischigualasto Formation, Agua de la Pena Group.

Discussion. Frenguelli (1944) described four species of his previously established genus
Zuberia. Two of the species, Z. sahnii and Z. barrealensis, based on very fragmentary

material. Z. zuberi and Z. feistmanteli, as far as the Argentinian material is concerned,

are very similar and there are no important characters differentiating them. D. feistman-

teli (Johnston) Gothan, is distinguished by the entire margins of its pinnules, less

crowded veins, much thinner cuticle and fewer stomata (25 against 70-100 per mm. in

D. zuberi).

The Ischigualasto specimens, though fragmentary, are identified with Frenguelli's

material (which I have examined in the La Plata Museum Collection) because they

agree in size, shape, and venation of pinnules. Moreover, Frenguelli’s four species inte-

grate in these respects and for this reason I have merged them all in D. zuberi.

The original specimen (type) of Zuberia zuberi is the one that Szajnocha described as

Cardiopteris zuberi (from Argentina) and Frenguelli combined in his genus Zuberia.

This specimen should therefore be the holotype, but 1 do not know where it is located,

and Szajnocha gave no collection reference or numbers in his paper (1888). I select a

neotype, LP 9520, a large leaf with a main bifurcate rachis (figured by Frenguelli

1944, pi. iv).

Our material also coincides in morphology and cuticular structure with that described

as Hoegia papillata by Townrow. As D. zuberi has a forked main rachis of leaves, there

is no reason to keep a different species for pinnate fragments, which are too small to

show the main rachis of the whole leaf.

Some specimens (particularly those found in Bed 2) present a very thick cell border

of the pinnules, resembling in this respect Hoegia antevsiana Townrow. I suggest that

Townrow’s species might be regarded as a mere variation of D. zuberi, because they

coincide in stomatal structure and the size of epidermal cells.

Dicroidium elongation (Carruthers) comb. nov.

Plate 97, figs. 1, 3; Plate 98, fig. 4; text-fig. lb, 2 a

1872 Sphenopteris elongata Carruthers, p. 355, pi. 27, fig. 1.

1943 Xylopteris elongata (Carruthers) Frenguelli, p. 318, text-figs, a, b.

1962 Xylopteris elongata (Carruthers) Frenguelli; Townrow 1962, p. 123.

Description. The Ischigualasto material is comparable in shape and size with the

lectoparatype figured and described by Townrow (19626), having very elongated

segments which sometimes fork dichotomously. The segments are almost parallel-sided

and taper very gradually to a short but rounded apex. The best specimens are fairly

EXPLANATION OF PLATE 97

Figs. 1, 3. Dicroidium elongation (Carruthers) comb. nov. 1, Specimen showing bifurcation of the

main rachis; LP 7456, X 1. 3, Two stomata; LP 416, x 300.

Figs. 2, 5. D. coriaceum (Johnston) Townrow. 2, Fragment of leaf showing bifurcate rachis; LP 7457,

x 1. 5, Two stomata; LP 437, x 300.

Fig. 4. D. sp., a few stomata showing papillae overhanging the mouth of the pit; LP 432, x 300.
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text-fig. 2. Drawings of Dicroidium leaves, a, D. elongation (Carruthers) comb. nov.
; epidermis show-

ing three stomata, slide LP 14. b, D. coriaceum (Johnston) Townrow; epidermis showing stomata and
cuticular ridges, slide LP 437. c, D. sp.; epidermis showing stomata and papillae overhanging the

mouth of the pit, slide LP 432. d, D. zuberi (Szajnocha) comb, nov.; outline of pinnules showing vena-

tion, slide LP 425 ; X 1 -5. e, As last, epidermis showing stomata and papillae on cells, slide LP 41 8.
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complete, and they are preserved as impressions; compressions are usually very frag-

mentary, represented by only the single linear segments. Though a midrib is not at first

visible in these segments, a suggestion of one is visible when the fossil (consisting of

little more than cuticles) is cleared as a transparency. Also by transparency a clear

marginal zone may be seen, with no coaly substance in it. Some fragments of pinnae

seem to have wider segments, showing what may be an incipient marginal lobing. Such
fragments show, by transparency, a clear median vein.

The cuticles may be of equal thickness, or one (which Townrow regards as the lower)

is rather thinner. The epidermal cells on both cuticles are alike, usually rectangular or

elongated, with their longitudinal axis parallel to the long axis of the segments. They
form ill-defined rows. Isodiametric epidermal cells also do occur. Long cutin ridges

are present on both cuticles, and they are also longitudinally orientated, although

oblique and transversely orientated stomata have been observed. They are widely

separated and rarely have subsidiary cells in contact. I have counted about 10-15

stomata per square millimetre. Epidermal cells are 100-150 p longx 20-40 /x wide

(and 50-70 p when isodiametric). Their outline is straight, showing small sinuosities

due to different thickness of the anticlinal walls. Papillae are rarely seen. The stomatal

apparatus is oval, typically monocyclic. The guard cells are feebly cutinized and are

sunken in a pit formed by 4-6 unspecialized subsidiary cells. The mouth of the pit

usually has a distinct cutin border, sometimes forming a continuous rim. The poles of

the guard cells are sometimes exposed on the surface. Occasionally, a circular stomatal

apparatus was seen, with strongly sunken guard cells. In the apical parts of the segments,

the epidermal cells tend to be more isodiametric.

Materia! studied. San Juan Province, Ischigualasto Basin. Bed 2: LP 7451; Bed 4: LP 7429, 7438;

LIL 2766. Bed 6: LP 7418-28; LIL 2763, 2764, 2771. Bed 7: LP 7452, 7456, 7463, 7464, 7466. Slides

LP 412-16, 426, 427; LIL 501-3. Age: Middle to Upper Triassic, Ischigualasto Formation, Agua
de la Pena Group.

Discussion. Our material agrees in all respects with the type material of D. elongatum as

described by Townrow (19626), in the shape and size of the segments and in the cuticular

structure.

In Ischigualasto, D. coriaceum and D. elongatum occur together in some beds, while

D. elongatum is found alone in some others (Beds 4 and 7).

In the Barreal region (San Juan Province) three plant beds have been recognized

(Bonetti 1963). D. elongatum does occur together with D. coariaceum in Bed I, but in

Bed II, D. elongatum occurs alone.

In some other Triassic localities in Argentina, Xylopteris species have been described,

but there is no mention of the Johnstonia type of leaves (Neuquen, Santa Cruz, etc.).

All these additional references seem to indicate that D. coriaceum and D. elongatum

are probably two different species, although they have some morphological similarities.

Dicroidium coriaceum (Johnston) Townrow

Plate 97, figs. 2, 5; Plate 98, fig. 3; text-figs. 1 b, 2b

Description. The leaf is very variable. The less-lobed segments (pinnae) are somewhat

similar to the D. elongatum linear segments, although they are wider. The lobing of the
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segments (differentiation of the pinnules) may be just incipient, or it may be quite

developed; in such a case, the resulting pinnules may be again similar to unlobed pinnae.

All three degrees of variation have been observed in the abundant material. The size

and the shape of the Australian material described by Townrow (1957) may be matched

in our specimens. The pinnules of the well-developed pinnae are linear and have rounded

apices. The segments are bordered by a rim of cutin, clearly seen by transparency. One
vein penetrates each segment, and it may fork once or twice (veins were seen by trans-

parency).

Both cuticles are of a similar thickness. The epidermal cells are of two kinds : elongated

(more than 100 /x long x 40 /x wide) and isodiametric (50-70 /x in diameter). Low
cuticular papillae, one per cell, are sometimes seen. The stomata are usually longi-

tudinally orientated, sometimes obliquely or transversely. The walls of epidermal cells

are straight, sometimes with irregular cutinization of anticlinal walls. Strong longitudinal

ridges of cutin are also present. The stomata are irregularly disposed, separated and

never with subsidiary cells in contact. There are about 30 stomata per square millimetre.

The stomatal apparatus is typically imperfectly dicyclic, with feebly cutinized guard

cells, little or not at all sunken. There are 4-6 subsidiary cells, the polar usually differen-

tiated from the lateral. Subsidiary cells often having papillae. When the guard cells are

little sunken, the subsidiary cells (usually the lateral) form a rim of cutin at the opening

of the epistomatal chamber.

Material studied. San Juan Province, Ischigualasto Basin. Bed 6: LP 7424, 7425, 7428; L1L 2764, 2771.

Material Romer, LP 7457, 7458, 7460-2, 7465. Slides, LP 426, 427, 436, 437 (Bed 2); LIL 515. Age:

Middle to Upper Triassic, Ischigualasto Formation, Agua de la Pena Group.

Discussion. Our material seems to have more variation in cuticular structure than that

described by Townrow. However, Australian specimens are very fragmentary, while

our materia] presents a wide variety of leaves and different segment types. I believe that

epidermal cells tend, in this species as a rule, to be longitudinally orientated in long

pinnae or pinnules. Townrow ’s material shows only short, not fully developed pinnules,

where the epidermal cells are usually more isodiametric. The papillae may be fairly

common or may be lacking in large sectors of leaves; it is also a very variable

character.

Extreme types of D. elongation and D. coriaceum are quite distinct in shape. Inter-

mediate forms can, however, be confused, and their determination becomes more or

less arbitrary. The cuticles of both species are alike. The elongation of epidermal cells

depends on the shape of segments and pinnules. Similar segments of both species have

similar epidermal cells. Papillae are more abundant in D. coriaceum, but they are also

present, though rarely, in D. elongation. Stomata are similarly orientated in both

species, and their concentration is alike. The structure of the stomatal apparatus is

similar, though in D. elongation guard cells seem to be more sunken. Differentiation

of polar and lateral subsidiary cells is more clear in D. coriaceum.

It is difficult and may even be arbitrary to distinguish these species, for there are

intermediate types. The cuticular structure is of no particular help in this respect. It

seems, however, wise to have the two forms separated into two species. Certainly there

are no firm grounds for the use of separate genera.

l 1C 5934



508 PALAEONTOLOGY,VOLUME11

Dicroidium sp.

Plate 97, fig. 4; text -figs, lc, 2c

Discussion. Although there is a lack of certain characters, particularly the gross mor-
phology of the fronds, this species is described here in order to complete the presentation

of all the taxa which are found in association with the petrified Rhexoxylon stems. The
only exception is Neocalamites, which is found with these compressions but which

cannot be related to either Dicroidium or Rhexoxylon.

Description. This species is the least frequent in Ischigualasto. The size and the shape

of pinnules and pinnae coincides with Dicroidium superbum (Shirley), as described by

Townrow (1957). Pinnules are usually longer than wider, and their margins are sinuous

or lobed. One complete pinna shows a narrow acute apex. Usually one decurrent vein

was seen by transparency, running up to near the apex of the pinnule. Forking of veins

was not clearly seen, but it may be possible in larger pinnules. By transparency the

pinnules show a clear border of cutin without coaly substance.

Both cuticles are of an even thickness. Epidermal cells are usually isodiametric, except

on the rachis and on the main vein, where they tend to be rectangular or elongated.

Anticlinal walls are straight. On the surface, single round papillae are sometimes seen

;

one, rarely two, per cell. The stomata are irregularly orientated and distributed, some-

times with subsidiary cells in contact. The stomatal apparatus is usually oval, sometimes

subcircular, imperfectly dicyclic. The guard cells are cutinized and sunken in a pit

formed by 4-7 subsidiary cells, which can be wedge-shaped or of irregular shape.

Subsidiary cells each bearing characteristically one round or slightly elongate papilla.

Papillae usually overhanging mouth of pit, almost closing it. Guard cells slightly thick-

ened near the aperture. Polar and lateral subsidiary cells not differentiated.

A few large pinnules are included in this species. In gross morphology they resemble

D. zuberi , but they differ in their stomatal structure, and in the presence of strongly

developed papillae and unicellular hairs. The cuticle of these pinnules is thick, up to

10 p (one of the two is slightly thinner); the epidermal cells are isodiametric, often

square or rectangular, forming definite longitudinal rows for a variable distance, about

40-50 p in diameter, when elongated up to 60 p long x 20-30 p wide. Epidermal cells

as a rule bear one strong, usually hollow, papilla; towards the margins papillae becoming

high, in some cases resembling unicellular hairs up to 50 p long. Cell walls with a

uniform thick border. Stomata present on both cuticles, up to 60 per square millimetre.

Stomata slightly sunken, surrounded by 4-5 subsidiary cells. Mouth of pit square,

rectangular sometimes oval. Normally, subsidiary cells with strongly developed papillae

overhanging the mouth of the pit, sometimes almost closing it. Epidermal cells on rachis,

elongated and bearing papillae. Longitudinal cutin ridges also present.

EXPLANATIONOF PLATE 98

Figs. 1, 2. Dicroidium zuberi (Szajnocha) comb, nov., LP 418. 1, Epidermis showing distribution of

stomata, X 120. 2, Epidermal cells with papillae and two stomata, X 300.

Fig. 3. D. coriaceum (Johnston) Townrow, LP 437; epidermis with thickened bands of cutin, X 120.

Fig. 4. D. elongation (Carruthers) comb, nov., LP 416; epidermis, x 120.
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